
Effect of Microbial 
of Corn Silage for 

Inoculants on the Nutritive Value 
Lactating Dairy Cows1 

L. KUNG, JR., J. H. CHEN, E. M. KRECK, and K. KNUTSEN 
Delaware Agricultural Experiment Station 

Department of Animal Science and Agricultural Biochemistry 
College of Agricultural Sciences 

University of Delaware 
Newark 19717-1303 

ABSTRACT 

Two experiments were conducted to 
evaluate the effect of microbial inocula- 
tion on the composition and nutritive 
value of corn silage for lactating cows. 
In Experiment 1, forage was untreated or 
treated at ensiling with Pioneer@ 1174 or 
Ecosyl@ silage inoculants. Forage was 
offered for free choice consumption, and 
concentrate was fed by a computerized 
feeder. Treatment with 1174 inoculant 
had little effect on silage composition 
and no effect on cow performance. Si- 
lage treated with Ecosyl@ inoculant had 
greater lactic acid content, but also 
greater acetic acid and ammonia N con- 
tents. Production of 3.5% FCM was 
greatest from cows fed silage treated 
with Ecosyl@. In Experiment 2, silage 
was untreated or treated with EcosyP 
and fed in a TMR. Inoculation had no 
effect on silage composition but in- 
creased 3.5% FCM production and DMI 
as length of time on treatment increased. 
Microbial inoculation can improve the 
nutritive value of corn silage for lactat- 
ing cows even if changes in fermentation 
end products are minimal. 
(Key words: silage, microbial inoculant, 
fermentation, lactating cows) 

INTRODUCTION 

Microbial inoculation has improved the fer- 
mentation of grass and legume silages (7, 9). 
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Microbial inoculation appears to have minimal 
effects on the fermentation of corn silage (2, 5, 
19). However, changes in silage fermentation 
have not always been related to improved ani- 
mal performance (17). In two studies (7, 8), 
cows fed inoculated grass silage produced 
more milk than those fed untreated silage, 
despite minor effects on silage composition. In 
addition, only one other study (20) described 
the nutritive value of inoculated corn silage for 
lactating dairy cows. Wohlt (20) reported that 
inoculated silages appeared to be more stable 
upon exposure to air and, when fed to cows, 
increased FCM by .7 kg/d. 

The objective of this study was to deter- 
mine the effect of microbial inoculation on the 
fermentation of corn silage treated with two 
bacterial inoculants and the subsequent effect 
on nutritive value and performance by lactat- 
ing dairy cattle. 

MATERIALS AND METHODS 

Experiment 1 

Corn silage was harvested randomly in the 
medium-dough stage of maturity from a uni- 
form field and stored in bag silos. The field 
was sectioned randomly to minimize bias. 
Treatments were made in the following order: 
1) untreated silage, 2) silage treated with 
Ecosyl@ inoculant (Lactobacillus plantarum; 
Zeneca Bio Products, Billingham, England), or 
3) silage treated with Pioneer@’ 1174 inoculant 
(L. plantarum and Streptococcus faecium; Pi- 
oneer Hybrid International Inc., West Des 
Moines, IA). The alternate load method was 
not used to fill silos because of logistics. In- 
oculants were mixed in water and applied ac- 
cording to the label instructions to supply 1 x 
1 6  cfu of lactic acid bacteridg of silage. 
Inoculation was performed at the bagger with a 
sprayer (Nevtro Sales Ltd., London, ON, Cana- 
da). To void contamination, the last load of 
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forage placed in the Ekosyl@ bag was left 
untreated and was not used in the study. In 
addition, the previous inoculant mix was 
drained from the tank, which subsequently was 
flushed with water for 5 min before being 
refilled with the 1174 inoculant. Approxi- 
mately 45 to 55 tonnes of forage were made 
for each treatment. All forages were treated 
and sealed in their respective bag silos within 
6 h on a clear day. 

During silo filling, grab samples of forage 
were collected from each wagon load (treated 
samples were collected after inoculation). For- 
age was chilled on ice immediately until 
processing. Forage (25 g) was homogenized for 
1 min in 250 ml of deionized water, and the 
pH was recorded. The homogenate was filtered 
through Whatman filter paper (number 54; 
Clifton, NJ), acidified, and frozen until further 
analyses. Water extracts were analyzed for am- 
monia N (13) and for acetic and lactic acids by 
gas chromatography (model 5890A; Hewlett- 
Packard Co., Avondale, PA) using a 80/20 
Carbopack B-DA/4% Carbowax* 20M column 
(Supelco, Inc., Bellefonte, PA). Representative 
samples were air dried before being ground 
through a 1-mm screen. Ground samples were 
analyzed for DM (60°C for 48 h in a forced-air 
oven), ADF (6), NDF (18), and N (1). Mixtures 
of inoculant and water and samples of forage 
were plated for viable lactic acid bacteria on 
Rogosa SL agar (Difco, Detroit, MI) with a 
single overlay and incubated for 48 h at 30°C. 

Three nylon bags containing 500 g of 
representative forage for each treatment were 
buried in each silo. Buried bags were removed 
during feeding, and DM recovery was calcu- 
lated by difference after correction for DM 
content. 

After 130 d of ensiling, silages were fed to 
multiparous lactating Holstein cows in two 
experimental periods. In each period, cows 
averaged 70 f 33 DIM and were housed in a 
barn with 20 Calan gates (American Calan, 
Northwood, NH) and a computerized grain 
feeder. Eased on pretreatment milk production, 
cows were blocked in groups of three and 
assigned randomly to one of three experimen- 
tal diets varying in corn silage treatment: con- 
trol silage, silage treated with Ecosyl@', and 
silage treated with 1174. Cows were fed silage 
for ad libitum intake twice daily (0800 and 
1700 h) and received 1.36 kg of long alfalfa 
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hay once daily (0800 h) through the Calan gate 
system. A pelleted concentrate was fed through 
a computerized grain feeder and limited to 1 
kg/3 kg of milk. The concentrate was fomu- 
lated to contain 1.5% sodium bicarbonate, 
1.5% iodized trace-mineralized salt (with .6 
ppm of sodium selenite), and .6% magnesium 
oxide. The concentrate also contained 8OOO IU 
of vitamin A, 2000 IU of vitamin D, and 30 IU 
of vitamin W454 g of feed. A 3-wk prelimi- 
nary period preceded a 6-wk treatment period. 
During the pretreatment period, cows were fed 
a mixture of the three silages. Fresh water was 
available at all times. Weights of silage offered 
and refused (once daily) were recorded. The 
grain feeder was calibrated twice within each 
period, and grain consumption was recorded 
each day by computer. 

Cows were weighed on 2 consecutive d at 
the start and end of each period and at weekly 
intervals during treatment. Composite milk 
samples from consecutive p.m. and a.m. milk- 
ings were collected and analyzed weekly by 
the Maryland DHIA Laboratory for fat and 
protein (Milk-0-Scan; Foss Technology, 
HillerM, Denmark). Silage, grain, and ort sam- 
ples were collected on alternate days and com- 
posited on a weekly basis. All feeds were 
analyzed for DM, NDF, ADF, and N as 
described. Silages also were analyzed for fer- 
mentation end-products as previously 
described. 

Experiment 2 

Corn silage was harvested in the medium- 
dough stage of maturity from the same field 
and stored in bag silos. Treatments were un- 
treated silage or silage treated with Ecosyl@ 
inoculant (L. plantarum). Application was as 
described in Experiment 1. All forages were 
treated and sealed in their respective bag silos 
within 4 h on a clear day. 

After at least 120 d of ensiling, corn silage 
was fed to 20 multiparous Holstein cows (aver- 
age 73 f 25 DIM) that had access to Calan 
gates. On the basis of pretreatment milk 
production, cows were blocked in groups of 
two and assigned randomly to one of the two 
treatments. The diet was fed as a TMR that 
consisted of 50% corn silage, 45% concentrate, 
and 5% alfalfa hay on a DM basis. The con- 
centrate and hay were similar in composition 
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to feeds used in Experiment 1. Cows were fed 
the TMR for ad libitum intake twice daily 
(0800 and 1700 h). A 10-d preliminary period 
preceded a 9-wk pretreatment period. During 
the pretreatment period, cows were fed a mix- 
ture of the two silages. Fresh water was availa- 
ble at all times. Cows were milked twice daily, 
and milk production was recorded by com- 
puter. 

Cows were weighed on 2 consecutive d at 
the start and end of the treatment period and at 
weekly intervals during treatment. Composite 
milk samples from consecutive p.m. and a.m. 
milkings were collected and analyzed weekly 
for fat and protein. Silage and TMR samples 
were collected on alternate days, composited, 
and analyzed on a weekly basis. Feed refusals 
were collected once daily, weighed, and ana- 
lyzed for DM content (60°C for 48 h). The 
DMI was calculated by the difference of feed 
offered and feed refused. Feeds were analyzed 
as previously described. 

Statlstical Analyser 

Experiment I .  Data were analyzed by 
ANOVA by the general linear models proce- 
dure of SAS (14). Model effects for the lacta- 
tion data included period, block(period), treat- 
ment, period x treatment, block x treatment- 
(period), week, period x week, block x week 
(period), treatment x week, and period x treat- 
ment x week. Data from the pretreatment 
period were used as covariate for all variables. 
Treatment was tested using the type III mean 
squares for period x treatment as an error term. 
Significance was declared at P c .05 unless 
otherwise noted. 

Experiment 2. Model effects for the lacta- 
tion data included block, treatment, treatment 
x block, week, and treatment x week. Data 
from the pretreatment period were used as 

covariate for all variables. Treatment was 
tested using the type III mean squares for 
treatment x block as an error term. Sig- 
nificance was declared at P < .05 unless other- 
wise noted. 

RESULTS 

The composition of hay and concentrate fed 
during Experiment 1 is shown in Table 1. 
Alfalfa hay was of average quality, and the 
concentrate DM averaged 26.3% CP. The mix- 
tures of water and inoculant applied to forages 
at ensiling contained 73 x 106 cfu m o s y P  
inoculant) and 32 x lo6 cfu (Pioneer* 1174)lml 
of lactic acid-producing bacteria. Accurate 
counts of colonies of lactic acid bacteria from 
forage samples were not possible because of 
growth of bacilli organisms. Thus, lactic acid 
bacteria on all forage samples (untreated and 
treated) were roughly estimated to be 1 x 105 
cfu. All corn silages fermented well, and their 
compositions during feeding are shown in Ta- 
ble 2. The DM of control silage was higher 
than that of inoculated silages, but the differ- 
ence was small. The CP, ADF, NDF, and 
mineral contents were similar for all silages. 
The pH of silage treated with 1 174 was greater 
than that of control and silage treated with 
Ecosyl@. Lactic acid (P c .lo), acetic acid, and 
ammonia N content were greater in silage 
treated with Fxosyl@. Dry matter recovery was 
similar among treatments. 

Milk production and composition, feed in- 
take, and BW changes from Experiment 1 are 
shown in Table 3. Pretreatment milk produc- 
tion was about 37 kg/d. Milk production and 
milk protein content were similar among treat- 
ments during the treatment periods. Although 
not statistically different, milk fat content 
tended to be greater from cows fed silage 
treated with &osyI* (3.60%) than from those 

TABLE 1. Composition of alfalfa hay and grain fed in Experiment 1.  

Item DM CP ADF NDF Ca P Mg K 

Alfalfa hay' 90.5 17.9 34.9 48.8 .94 .30 .21 3 .oo 
(5% of DM) 

Grain m i K 2  89.8 26.3 12.1 29.1 1.37 .74 .67 1.34 

In = 11. 
*n = 12. 
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TABLE 2. Composition of silages (DM basis) offered during Experiment 1. 

item Control ECoSYPl 11742 SE3 
DM, % 34.7' 32.9b 33.3b .5 
CP, % 7.71 7.60 7.57 .14 
ADF. % 22.7 24.0 24.5 .5 
NDF. % 44.1 43.1 43.8 .8 
C a  % .25 .23 .22 . . ,  
P, % .26 .26 .25 . . .  
Mg, % .20 .19 .18 . . .  
Mg, % .20 .19 .18 . . .  
K, % 1.01 1.19 1.11 . . .  
PH 3.7ob 3.69b 3.81a .03 
Lactate, % 4.71a 5.28C 4.48d .27 
Acetate, % 1.82b 2.3@ 1.69 .18 

DM Recovery, % 94.3 92.8 90.7 1.7 
Ammonia N, % .062b .072' .056b .004 

a.bMeans in columns with unlike superscripts differ (P c .05). 
C&feans in columns with unlike superscripts differ (P c .lo). 
12eneca Bio Products, Billingham, England. 
2Pioneer Hybrid International, West Des Moines, IA. 
%I = 12 for all components, except n = 3 for DM recovery, and n = 1 for minerals. 

fed control silage (3.46%) or silage treated with lage, hay, and concentrate intakes were similar 
1174 (3.48%). As a result, cows fed silage among treatments. Similarly, BW, B W  
tread with &osyl@ produced 1.5 and 1.4 kg changes, and feed efficiencies were not differ- 
more 3.5% FCM than cows fed control silage ent among treatments, but COWS fed silage 
and silage treated with 1174, respectively. Si- with EcOsyls tended to gain more 

weight and have greater feed efficiencies. 

TABLE 3. Milk production, intake and BW weights from cows fed inoculated corn silages in Experiment 1. 

Control EcosylQl 11742 SE3 

Milk 
35.5 35.6 35.2 .8 
3.46 3.60 3.48 .08 

kdd 
Fat, % 
Protein, % 3.08 3.05 3.02 .03 

3.5% FCM, kg/d 34.8 36.3 34.9 .9 

Silage 11.9 10.8 11.7 .3 
Hay 1.2 1.2 1.2 
Concentrate 10.3 10.6 10.2 .2 
Total 23.4 22.6 23.1 .4 

DMI, kgld 

BW, kg 623 636 633 7 
BW Change per d, kg .29 .5 1 .30 
Feed efficiency 
W f e e d ,  kg/kg 1.51 1.57 1.52 -03 

Feed costs$ Vd 3.05 3.06 3.03 . . .  
 ilk income5 9.20 9.59 9.22 . . .  
Income over feed costs,6 $/d 6.15 6.53 6.19 . . .  

1Zeneca Bio Products, Billingham, England. 
2Pioneer Hybrid International, West Des Moines. IA. 
3All values are least square means; n = 11 or 12; largest standard errors reported. 
4Based on intakes and the following cats: cost to inoculate 909 kg of silage (wet basis) as $30. Feed costs per 

S M i l k  was valued at $.264flig of 3.5% FCM. 
6Milk income minus feed costs. 

kilogram of DM: corn silage, $.075, inoculated silages, 3.078; hay, S.122, and concentrate, 9.196. 
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TABLE 4. Composition (DM basis) of TMR in Experiment 2 . 1 ~ ~  

Item DM CP ADF Ca P Mg K 

(96) 
Control 55.8 16.5 21.2 .81 .42 .34 1.59 

SE .5 .2 .8 . . .  . . .  . . .  . . .  
ECOSYP~ 55.7 16.4 19.4 .83 .42 .35 1.49 

IDM. CP. and ADF average values from eight weekly composite samples. 
ZMinerals: one analysis from a composite of weekly samples. 
3Zeneca Bio Products, Billingham, England. 

Cows fed the diet containing silage treated 
with Ecosyl" had income over feed costs in 
excess of $.3O/d more per cow. 

Experiment 2 

The mixture of Ecosyl@ inoculant and water 
applied to forage containing 55 x 106 cfu/ml of 
lactic acid-producing bacteria. Inoculation in- 
creased lactic acid bacteria from 53 x 104 to 
200 x 104 cfu/g in treated silage. 

The compositions of the TMR for control 
and treated groups were similar and are shown 
in Table 4. The DM, ADF, and CP contents of 
the TMR were constant throughout the study. 
Diets averaged about 16.5% CP and 20% ADF 
and met or exceeded requirements for macro- 
minerals (12). The quality of corn silages fed 
during the study was good and did not differ 
between treatments (Table 5). 

Milk production and composition, feed in- 
take, and BW changes are shown in Table 6. 
Although values were not significantly differ- 
ent for the 9-wk treatment period, cows fed 
diets containing silage treated with Ecosyl@ 
produced milk that tended to have more fat 
(+.19%; P c .20) and more 3.5% FCM (+1.8 

kg; P < .19). The DMI was greater for cows 
fed silage treated with Ecosyla and increased 
with the onset of treatment (Figure 1). Cows 
fed silage treated with Ecosyl* produced more 
3.5% FCM during the last 3 wk of treatment 
than did cows fed diets with control silage 
(Figure 2). Milk protein content was unaffected 
by treatment. Changes in BW and feed effi- 
ciencies were unaffected by treatment. Cows 
fed silage treated with Ecosyl@ had income 
over feed costs that were $.14/d greater per 
cow. 

DISCUSSION 

Microbial inoculation has improved the fer- 
mentation of legume silages by causing a more 
rapid decrease in pH, increasing lactic acid 
content, and decreasing ammonia and acetic 
acid contents (9). In Experiment 1, inoculation 
with 1174 silage inoculant had no effect on 
corn silage composition except for higher pH. 
Although inoculation with Ecosyl@ silage in- 
oculant had no effect on pH, lactic acid content 
was greater than in other treatments. However, 
in contrast to most findings with inoculants, 
acetic acid and ammonia N contents also were 

TABLE 5. Composition (DM basis) of silages in Experiment 2. 

Treatment DM CP ADF pH 
Lactic Acetic 
acid acid NH3 N 

(%I (W 
Control 39.8 8.68 23.3 3.79 4.03 .97 .056 
Ecosyl@' 39.8 8.51 23.0 3.78 3.67 .94 .069 
SE* .5 .31 .5 .05 .32 .06 .003 

1Zeneca Bio products, Billingham, England. 
2, = 8. 

Journal of Dairy Science Vol. 76, No. 12, 1993 



3768 KUNG ET AL. 

TABLE 6. Milk production, DMI. and BW from cows fed control and corn silage treated with EcosyP in Experiment 2. 

Control Ecosyl"' SEZ 

Milk, kg/d 
Fat, % 
Protein, % 

3.5% FCM, kg/d 
DMI, kg/d 
BW, kg 
BW Change per d. kg 
Feed efficiency 

Feed costs,3 $Id 
Milk income4 
Income over feed COS~S,~  $/d 

MiWfeed, kgkg 

______ 

36.9 
3.43 
3.05 

36.5 
22.8b 

.20 

1.61 
3.01 
9.65 
6.64 

676 

_ _ _ _ _ _ ~  

37.5 
3.62 
3.07 

38.3 
25.ln 

.31 

1.54 
3.34 

10.12 
6.78 

689 

~~ 

.6 

.07 

.02 

.7 

.4 

.17 

.04 

29 

~ " .  
I . .  

~. 
~ ~~~~~~~~~~ 

'PbMeans with unlike superscripts differ lp c 02). 
%neca Bio Products, Billingham, England. 
2n = 10. 
3Based on intakes and the following costs: cost to inoculate 909 kg of silage (wet basis) was S.80. Feed costs per 

s f i l k  valued at $.264&g of 3.5% FCM. 
sMilk income minus feed costs. 

kilogram of DM: corn silage, $.075, inoculated silages, $.078; hay, S.122, and concentrate, $.196. 

increased by this treatment, which suggests 
poorer quality silage. Using the same in- 
oculant, we reported (10) a marked decrease in 
acetic acid and ammonia N contents in wilted 
alfalfa silage. In Experiment 2, treatment with 
Ecosyl@ silage inoculant had no effect on si- 
lage composition. Recently, Bolsen et al. (2) 

---o--- Control 
-+- EcosylB 28 

22 1 
20 

-2 0 2 4 6 8 10 

Weeks on  Treatment 

Figure 1. Effect of a microbial inoculant (EEosyl@; 
ZRneca Bio Products, Billingham, England) on the. total 
DMI of cows during 9 wk of treatment. * Different from 
control (P c .07); ** different from control (P c .OS). 
Experiment 2. 
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also reported that inoculation of corn silage 
with 1174 inoculant had no effect on the fer- 
mentation of corn silage. These findings are 
similar to other data (3, 4, 15, 16), which 
showed that inoculation had little effect on 
commonly measured fermentation characteris- 
tics of corn silage. High numbers of epiphytic 

k I t  f f  

I- 

-2 O 2 4 6 8 10 

Weeks of Treatment 

Figure 2. Effect of a microbial inoculant (Ecosyl@; 
ZRneca Bio Products, Billingham, England) on 3.5% FCM 
production of cows during 9 wk of treatment. * Different 
from control (P c .07); ** different from control (P c .05). 
Experiment 2. 
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lactic acid bacteria and Rood ensiling charac- CONCLUSIONS 
teristics of the crop (e.g.,-low bufferiig capac- 
ity, high DM, and fermentable substrate) may 
be responsible for these findings (2). 

In Experiment 1, we were unable to explain 
why cows fed silage treated with EcosylB 
tended to consume less silage and more con- 
centrate than cows fed control silage or silage 
treated with 1174. Overall, silage treated with 
1174 silage inoculant was similar to control 
silage and had no effect on cow performance. 
In Experiment 2, DMI increased with time on 
treatment for cows fed silage treated with 
Ecosyl@ (Figure 1). In both ex riments, cows 

duce more 3.5% FCM than those fed control 
silage, resulting in increased return over feed 
costs of $.14 to .34/d per cow. However, milk 
production was increased the most in the later 
weeks of treatment for cows fed silage treated 
with Ecosyl@ (Figure 2) in Experiment 2. No 
trend was found for improved performance 
with time on treatment in Experiment 1. The 
increase in FCM and intake for cows fed silage 
treated with Ecosyl@' cannot be explained from 
the nutrient content of the TMR and silages 
because the two were similar for both treat- 
ments and varied little over weeks (data not 
shown). However, common measurements of 
silage fermentation (for example, lactic acid 
and ammonia N) cannot always be equated 
with cow performance. These findings suggest 
that factors other than commonly measured 
end products of fermentation may improve the 
nutritive value of silages and be responsible 
for improved performance. For example, 
Luther (1 1) reported that microbial inoculation 
had no effect on corn silage fermentation, but 
DM digestion and N retention in steers were 
improved. Wohlt (20) reported little difference 
in silage composition, but cows fed inoculated 
corn silage produced .7 kg/d more FCM than 
did cows fed control silage. Similarly, compo- 
sitions of control and inoculated silages were 
similar, but cows fed grass silage treated with 
Ecosyl@' produced 2.1 kg (7) and 1.3 kg (8) 
more milk than cows fed untreated grass si- 
lage. 

In both experiments, income over feed costs 
were r t e r  with silages inoculated with 
Ecosyl . In Experiment 1, return on invest- 
ment was >lo, and, in Experiment 2, the return 
on investment was >3 for cows fed silages 
treated with Ecosyl@ inoculant. 

fed silage treated with Ecosyl r tended to pro- 

Addition of microbial inoculants to corn 
silage caused minor changes in silage fermen- 
tation. Inoculation of silage with 1174 silage 
inoculant had minimal effects on silage fer- 
mentation and no effect on cow performance. 
Inoculation with EcosyP silage inoculant 
tended to increase production of 3.5% FCM in 
two experiments and DMI in one experiment. 
Factors other than traditionally measured si- 
lage fermentation end products may be respon- 
sible for improved cow performance. 
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